has at hand, and which are obtained from the cinders of a copperfurnace. The cavities when thus filled up are well rubbed so as to escape notice, but they may usually be detected by looking at the mirror obliquely.
III. " On the Torsional Strain which remains in a Glass Fibre after release from Twisting Stress." By J. H opkinson, D.Sc., F.R.S. Received October 4, 1878.
It has long been known that if a wire of metal or fibre of glass be for a time twisted, and be then released, it will not at once return to its initial position, but will exhibit a gradually decreasing torsion in the direction of the impressed twist. The subject has undergone a good deal of investigation, especially in Germany. The best method •of approximating to an expression of the facts has been given by Boltzmann ( " Akad. der Wissensch. W ien," 1874). He rests his theory upon the assumption that a stress acting for a short time will 1878.] save after it lias ceased a strain which decreases in amount as time lapses, and that the principle of superposition is applicable to these trains, that is to say, that we may add the after-effects of stresses, whether simultaneous or successive. Boltzmann also finds that, if *,(£)T he the strain at time t resulting from a twist lasting a very short ime t, at time t-0, 0(£) = -, where A is constant for moderate val t )f t, but decreases when t is very large or very small. A year ago I nade a few experiments on a glass fibre which showed a deviation -rom Boltzmann's law. A paper on this subject by Kohlrausch (" Pogg. Ann.," 1876) suggested using the results of these experiments to exa mine how Boltzmann's law must be modified to express them. Pro fessor Kohlrausch's results indicate that in the cases of silver wire and of fibre of caoutchouc Boltzmann's principle of superposition is only approximate, and that in the case of a short duration of twisting
a is less than unity; in case of a long du T twisting he uses other formulae, which pretty successfully express his results, owing m part no doubt to the fact that m most cases each determination of the constants applies only to the results of one dura tion of twisting. In a case like the present it appears best to adopt a simple form involving constants for the material only, and then see in what way it fails to express the varying conditions of experiment. In 1865 Sir W. Thomson published (" Proceedings of the Royal Society ") the results of some experiments on the viscosity of metals, the method being to determine the rate at which the amplitude of torsional vibra tions subsided. One of the results was that if the wire were kept vibrating for some time it exhibited much greater viscosity than when it had long been quiescent. This should guard us from expecting to attain great uniformity in experiments so roughly conducted as those of the present paper.
2. The glass fibre examined was about 20 inches in length. Its diameter, which might vary somewhat from point to point, was not measured. The glass from which it was drawn was composed of silica, soda, and lime; in fact, was glass No. 1 of my paper on " Residual Charge of the Leyden J a r " ( " Phil. Trans., 18/7. In all cases the twist given was one complete revolution. The de flection at any time was determined by the position on a scale of the image of a wire before a lamp, formed by reflection from a light con cave mirror, as in Sir W. Thomson's galvanometers and quadrant elec trometer. The extremities of the fibre were held in clamps of cork; in the first attempts the upper clamp was not disturbed during the experiment, and the upper extremity of the fibre was assumed to be fixed; the mirror also was attached to the lower clamp. This arrange ment was unsatisfactory, as one could not be certain that a part of the observed after-effect was not dne to the fibre twisting within the clamps and then sticking. The difficulty was easily avoided by em ploying two mirrors, each cemented at a single point to the glass fibre itself, one just below the upper clamp, the other just above the lower clamp. The upper mirror merely served by means of a subsidiary lamp and scale to bring back the part of the fibre to which it was attached to its initial position. The motion of the lower clamp was damped by attaching to it a vane dipping into a vessel of oil. The temperature of the room when the experiments were tried ranged from 13° C. to 13'8° C., and for the present purpose may be regarded as constant. The lower or reading scale had forty divisions to the inch, and was distant from the glass fibre and mirror 38f inches, excepting in Experiment V, when it was at 37-| inches. Sufficient time elapsed between the experiments to allow all sign of change due to after-effect of torsion to disappear. In all cases the first line of the table gives the time in minutes from release from torsion, the second the deflection of the image from its initial position in scale divisions. It should be mentioned that the operation of putting on the twist and of releasing each occupied about two seconds, and was per formed half in the second before the epoch 0, and half in the second after or as nearly so as could be managed. The time was taken by ear from a clock beating seconds very distinctly.
3. The first point to be ascertained from these results is whether or not the principle of superposition, assumed by Boltzmann, holds for torsions of the magnitude here used. In examining these results it must be remembered that those for small values of T are much less accurate than when T is greater, for the quantity observed is smaller but is subject to the same absolute error; any irregularity in putting on or releasing from the stress will cause an error which is a material proportion of the observed deflection. For this reason it would be unsafe to base a conclusion on the experi ments with T -1 and T = 2 . The three last tables agree in indicating a large deviation from the principle of superposition, the actual effect being less than the sum of the separate effects of the periods o stress into which the actual period may be broken up. Kohlrausch finds the same to be the case for india-rubber, either greater torsions or longer durations give less after-effects than would be expected from smaller torsions and shorter periods. To show the fact that A' decreases as T increases if a be assumed con stant, I add a comparison when T = 2 0 , it being then necessary to take A = 0 0 3 7 . A better result would in this case be obtained by assuming a = 0 '92, or =0*93 in the former case with A '= 0*021. Probably the best result would be given by taking A constant, and assuming that a increases with T.
If the fibre be twisted for time T through angle X, then the torsion at time t after release w ill be X {y[r (T + 1)-(£)}
Taking the formula 0 ( £ ) =^ these experiments give values of A ranging from 0*0017 to 0*0022. Boltzmann for a fibre, probably of a quite different composition, gives numbers from which it follows that A = 0*0036.
5. In my paper on " Residual Charge of the Leyden J a r " that subject is discussed in the same manner as Boltzmann discusses the after-effect of torsion on a fibre, and it is worth remarking that the results of my experiments can be roughly expressed by a formula in A m which <fr(t)=-. For glass No. 5 (soft crown) a = 0 '6 5 , whilst for ta No. 7 (light flint) it is greater; but in the electrical experiment no sign of a definite deviation from the law of superposition was detected.
